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DACITE (TERTIARY? AND UPPER CRETACEOQUS)—Pinkish-gray, very light brown calcareous mudstone and locally with thinly laminated, red-maroon, (labradorite - Anss.59), which occurs as sparse blocky untwinned pheno- INTRODUCTION also occurs near Punta Melones as large blocks suspended in serpentinite, and in detail by Almy (1965) who divided the formation into three members. From Parguera Limestone contains, in its upper part, abundant examples of Barretti Formation be abandoned. rincipal contention is that the Mariquita Cher -
E == : : ; g : : . . gu c 5 pper part, ples of Barrettia P pal contentio tt iquita Chert rests allochthonously and sub.
gray, and pale-yellowish-brown massive intrusive rogk. Contains sparse blackls}'l-red, or dark-brown siltstone ) ) crysts, 1-3 mm in length, and as abundant smaller twinned latl}s; larger The Cabo Rojo and Parguera quadrangles lie in the extreme southwest of the Cerro Vertero. ‘ bottom to top, these are the Bahia Fosforescente Member, the Punta Papayo gigas which, according to N. F. Sohl (written commun., 1974) indicate a late Evidence for the intrusive nature of the basaltic andesite in the Cabo Rojo- horizontally on a surface which consists of sheared serpentinite, amphibolite,
plagioclase phenocrysts as much as 3.5 mm, quartz grains, 0.2 to 1 mm, and - Melo!les Lupestone massive pha_se_—nght- to dark-gray,mgssxve to thick-bedded, phenocrysts are zoned and are commonly selectively altered to calcite; some Puerto Rico. The mapped area is bordered on the south by the Caribbean Sea Two types of amphibolite occur near Las Palmas. The bulk of the rock Member, and the Isla Magueyes Member (Almy, 1965). As defined by Almy, Campanian to early Maestrichtian Age. Thus, it seems reasonable that the Parguera area is partly negative. That is, there is no evidence to show that the Maguayo Porphyry, and Cajul Basalt. The serpentinite is supposed to have
I sparse chloritized mafic mineral. Plagioclase phenocrysts (andesine-Anyg) bioclastic calcarenite consisting of calcareous fossil fragments, mostly large phenocrysts are strongly sausseritized; plagioclase laths exhibit felted to and on the west by the Mona Passage. Coastal areas are fringed by mangrove type there consists of a gneissic amphibolite, which is well foliated and commonly his Bahia Fosforescente consists chiefly of calcarenite, some of which is volcani- upper member is late Campanian to early Maestrichtian. rocks are lava flows. There is no stratification within the rocks; vesicles are provided lubrication of the surface along which the nappe moved. The following
b4 ejv Holocene are blocky, twinned crystals, which are zoned, commonly embayed and mollusks, Foraminifera, and pellets in a sparry to micritic cement; many trachytic texture and are altered to sericite, calcite and hematite. Olivine swamps, beach deposits, intertidal deposits, and locally by sea cliffs. The exhibits compositional layering consisting of alternating plagioclase-quartz clastic, thin lenses of glauconite and minor mudstone; his Punta Papayo is com- absent except in one small area near the contact on the southeast side of Cerro observations do not support such a conclusion:
- Holocene and - QUATERNARY partly sericitized. Quartz occurs as anhedral irregularly shaped grains. shell fragments recrystallized to sparry calcite; outcrops commonly show occurs as rare, corroded phenocrysts altered to calcite and iddingsite. Matrix highest topographic feature is the Sierra Bermeja (Vermillion Range), in the layers and hornblende-rich plagioclase-quartz layers. The gneissic amphibolite is prised of foraminiferal mudstone and minor calcarenite. Almy (1965, p. 102) The Mel . MERTINS L]MES;ONE 1960 Vertero; trachytic texture is rarely developed. The positive evidence is more (1) Many examples of chert-serpentinite contacts exist, but these contacts
Pleistocene Matrix is a microcrystalline aggregate of poorly oriented plagioclase laths karren features; characterized by the rudists Barrettia gigas, Parastroma consists of nearly opaque glass containing abundant granules and microlites north-central part of the mapped area. intruded in several places by amphibolite dikes which cut across gneissic foliation. placed the Bahia Fosforescente-Punta Papayo contact at the base of the first % f"ﬁ"“es Limestons: was fned BY attaon (1960, p. 3351,) far  we compelling. In several areas in the northern part of the Parguera quadrangle the are more nearly vertical than horizontal. Shearing in the serpentinite along these
I and grains of hematite, magnetite and epidote. Lack of embayment of UG S0 Shonuamentiel . I~ . of magnetite and hematite; glass has been altered to epidote and locally, The land area of the Cabo Rojo and Parguera quadrangles is underlain by The dikes are metamorphosed but are generally nonfoliate. Amphibolite in foraminiferal mudstone above a glauconitic marker zone. However, because of ch;dm:nce s mestonl;z ; ST Sh? o ANE XSG wadke W T Pufioues @ basaltic andesite clearly crosscuts bedding attitudes in the Parguera Limestone; contacts is high angle, as illustrated by Mattson’s own data (Mattson, 1973, fig.
- ! quartz grains and their irregularity of shape suggests the quartz is late stage Parguera Limestone, upper member (Maestrichtian to Santonian)—Upper part of chlorite; amygdules are filled with calcite; thin veins are filled with calcite serpentinite, amphibolite, chert, and basalt of Late Jurassic to Early Cretaceous localities other than Las Palmas commonly shows foliation and lineation of the scarcity of good outcrops, the fact that the glauconite marker zone is h{? ligein. the n_oll;t nwestern par;_() hﬂ-w S3be Ralo e aves. Hioonmslatol an exposure 1.2 km west of Highway 304 shows a re-entrant of basaltic andesite 2). If the serpentinite had been the lubricant for an overriding gravity glide
> Miocene and and postdates crystallization of the matrix upper member consists of hght-_to dark-gray, coarse-grained, th:ck-b_edded_ to and (or) epidote age, limestone and volcanic rocks of Late Cretaceous age, and limestone and hornblende crystals; however, it rarely exhibits the compositional layering commonly absent, and the difficulty in determining which ‘“foraminiferal EIISR?q:e;zinzﬁon I:::lt_oig.a“; Kniﬁalﬁer&?dﬁl \ﬁgil:nréo:camcdroc:; Of,;::e into the Parguera Limestone; and the isolated exposures of Parguera Limestone block, the serpentinite, because of its lack of internal mechanical strength would
Tpi Oligocens TERIARY - TWO-PYROXENE BASALT PORPHYRY (UPPER CRETACEOUS?)—Very dark massive bioclastic limestone chiefly made up ;f mol!u? fragments mclu?mg KJs | SERPENTINITE (LOWER CRETACEOUS AND UPPER JURASSIC)-Black, gravel of middle Tertiary age. The central part of the area has been intruded by displayed by the Las Palmas amphibolite. _ mudstone™ is referred to, for the purposes of this report the author has elected MelonZs { imestons kag Uee nJ redefined (Volckmann, 198 4c}tqltl§ ;?cglu de tha‘ta approximately 1 km west of Highway 304 are completely surrounded by basaltic have been deformed, at least at its surface, and shear planes should be expected
: ray. greenish-black. reddish-black and black. porphyritic rock chiefly com- radiolitid rudists and Barrettia gigas, larger Foraminifera, calcareous algae blackish-green, pale-green, bluish-green, grayish-red, pervasively fractured stocks and dikes, some of Late Cretaceous age; others may be as old as Early Detailed study of the Las Palmas amphibolite by Tobisch (1968) indicates to combine Almy’s Bahia Fosforescente and Punta Papayo, and to refer to them : s : . 4 desi i he li f d i i i k to be oriented more or less parallel to the surf: f gliding (subhorizontal) and
Unconformity gray, g aC TG Ay y o ; Il Lt a3 i : . » : : . g : , limestone within the El Rayo Formation and to include only the above sequence andesite suggesting the limestones are roof pendants in the intrusive rock. p surface of gliding ntal) an
- posed of sparse to abundant phenocrysts of plagioclase (labradorite - fragments, and other skeletal debris; cement is generally sparry calcite; rock consisting primarily .of serpentine minerals. Vague outlines of pyroxene Cretaceous. Extensive deposits of quartz sand in the western part of the area that the amphibolite has undergone at least three main phases of metamorphism: informally as the lower member of the Parguera Limestone. The Isla Magueyes 5 the B de- Wik The b £ the Mel Li : P Further, at limestone-basaltic andesite contacts 700 m west of Highway 304 and not at high angles to the gliding surface.
Ans;.se), clinopyroxene and orthopyroxene in an aphanitic to glassy matrix. lc)cl;a-ll.y contains rare grains of quartz or volcan_m frag_ments or both;' locally and olmpe grains are v1§1b_le in some specimens. Pyroxene grains are serpen- may have been derived from quartz-rich intrusive rocks of possible Tertiary age. (1) high-grade regional metamorphism, which produced compositional layering Member (Almy, 1965), a sequence of volcaniclastic calcarenite and conglomer- :{1 tte e?lo 9’1;8 i 3§ Som;.s.l) ed :e B (]9e6 5 ¢ onle 83 1mles§<)>ne = no‘ti et’;gzsfh' on the secondary road that runs north from Salinas El Papayo, the limestone has (2) The Cajul Basalt is, at least in part, interbedded with the Mariquita
S— Plagioclase, typically fresh, occurs as twinned laths as much as 4 mm in snhcxﬁed.. Lower part qf upper member consists chiefly of light-olive-gray tinized in a charac_tensnc .boxw_ork texture anq commqnly persist as The rocks are folded and offset by high-angle faults. in the gneissic amphibolite; (2) a slightly lower grade of regional metamorphism, ate, massive bioclastic limestone, and interbedded andesite tuff, will be referred - _sonb' | 't'p.M ) p-. L.a" + m!EK )’ P- i ’tg : p assumi. " . been altered to a friable, porous, noncalcareous rock, which locally shows Chert. This can be seen from the geologic relations south of the Sierra Bermeja
> C::zl:aceous length, as equant crystals which are commonly strongly zoned, and as to greemsl}-gray volcaniclastic co_nglomerate {nade up of abupdant _sagd- ps&;udomorphs (bastite), which _dlSplay megascopic reflectw_e surfaces of _N. F. Sohl of the_l{.S. Geological Survey furnished instructive comments on which prevailed during and after intrusion of the dikes; (3) contact metamorphism to as the upper member, in order to maintain consistency. ggf;wfdaff:f,:s;ﬁ d ilfxzwsba;?destﬁzii Q?Slum%‘:ross th: suargg:?on”?;sto:’;é introduction of secondary silica. The silica is in the form of tiny veinlets which and from exposures on the east-west portion of Arroyo Cajul 1 km northeast of
microlites in the matrix; borders of plagioclase phenocrysts commonly en- to'pebble-mzed clasts of basalt, with coarse-gral_ne_:d skeletal debris consisting relict cleavaqe planes. Accessor1e§ are magnetite and chromite. Ou_tcr_ops rudist a§semblages, Widiberto Medina, San Juan, Puerto Rico assisted during part which developed during protrusion of serpentinite into the amphibolite (Tobisch, The lower member of the Parguera limestone crops out in the east-central Mialasis LA as G y.e Wi Bonk - £ 4 svnchine. which hﬁptt s ?d d cut randomly through the altered rock. This alteration suggests silicification of Las Palmas where basalt and chert are interbedded on a scale of a few meters.
close a zone of very fine grained hematite inclusions which are oriented chiefly of r_nollusk {ragments and la_rger Foram;mf_era. f:ement ranges from are characterized by extreme sheanpg that locally produces a strong foliation. of the field work, and R. J. McEwen, Parguera, Puerto Rico supplied advice and 1968, p. 366-367). part of the area, in two isolated localities on the southwest flank of the Sierra e I;) : g e o upi St : 1:: n erbo ; g fc ne, w 1cb o at SOI? considere O fisstone By the mslic sadnitE The chert, therefore, does not bear an allochthonous relationship to the basalt.
Unconformity - ! parallel to albite twin lamellae; plagioclase grains locally contain blebs of sparry calcite to micrite. Lo?al]y_mterb_edd_ed with t]m! lenses of hght-_to Angular to roupdeq tectonic br_ecc1a fragments range from less than 1 cm to helpful criticism during the progress of geologic mapping. Analyses of amphibolites from Las Palmas (Renz and Verspyck, 1962, Bermeja, and is tentatively correlated with rocks in the Penones de Melones. }0 T ovfe 3 ;:rneM lo e-scczl\.x t- e g i romhcros; ebs ;n the s;ndston; (3) The Mariquita Chert is not allochthonous over the Maguayo Porphyry;
: I CRETACEOUS orthopyroxene, clinopyroxene and magnetite; rarely, plagioclase phenocrysts dark-gray, coarse-grained massive bioclastic limestone which locally contains several meters in diameter. Slickensides are typically well developed. The p. 317; Tobisch, 1968, p. 568) and Pefiones de Melones (Mattson, 1960, p. 325) In the Cerro Vertero, in the northeast corner of the Parguera quadrangle, the s f;ws”o o o H,', AEREC, O e SARLACE, Tl T Hlisigs i e nort‘ TWO'PYROXENE BASALT PORPHYRY rather, the chert is intruded by the porphyry, which as mentioned above, also
2 g > 4 ia i serpentinite i t locally bv thi ; - UPPER JURASSIC AND LOWER CRETACEOUS ROCKS s fes P . > : el (e limb” of the “syncline” are not overturned. They are right side up and dip Two-pyroxene basalt porph intrudes the lower and upper members of . S ASH : / 2 !
are rounded or embayed; clinopyroxene occurs chiefly as anhedral to sub- Barrettia gigas o _ _ pentinite is cut locally by thin veins of magnesite SERPENTINITE show them to be similar in composition to tholeiitic basalt. Because of this lower member unconformably overlies the Mariquita Chert. The contact is 1. a6 ThE e th th “limb” of the * line”. Th li he P Li P 1? Ny e invades high-angle fault zones within the Sierra Bermeja.
Lower hedral phenocrysts as much as 2 mm in length and as glomeroporphyritic Volcanic rocks (Maestrichtian to Campaman)_—lnterbedded'locally with upper AMPHIBOLITE - (LOWER CRETACEOUS AND UPPER JURASSIC)-Dark- S tinit t in the Si B j d h d of th similarity, Mattson (1960, p. 324) considers the amphibolites to be regionally marked by a basal conglomerate which contains rounded to angular clasts of north, as do the ehs o;; e sou mb” of the “syncline”. Thus, no syncline the Parguera Limestone in the center of the Parguqra synch_ne. The porphs_rry (4) There are no structural contacts (faults or serpentinite protrusions),
r Cretaceous aggregates; phenocrysts contain rare plagioclase inclusions; alteration is part of upper member of the Parguera Limestone. Chiefly gray, purplish- gray to dark-greenish-gray, fine- to medium-grained, well-foliated gneissic i erpec;l li tle cropscou in the wr]l;a errlr:eja and on the west end of the metamorphosed basaltic oceanic crust. Tobisch (1968, p. 570-571) felt that the chert as much as 1.5 m in maximum dimension and, rarely, serpentinite and exists, and rocks that attson thought to }xnderhe the blocl_astlc limestone of was also con‘_elated by Mattson (1960, p. 324-325) with the Rio Loco Formatlop between chert and other rock types, which dip less than about 50°, certainly
: gray or grayish-brown epicalstic tuff containing calcic andesine and amphibolite with well-developed compositional layering, and non-foliated to enones de Melones. Contacts with other rocks such as chert or amphibolite are amphibolites might also have been derived from mafic rocks which were part amphibolite. No laterally consistent igraphic section i the Melones actually overlie it. These overlying rocks are reddish-orange, cherty, of Slodowski (1956, p. 53). The two-pyroxene basalt porphyry, however, is none which approach a subhorizontal attitude.
P P : @ AMETRILY . stratigrap ction can be seen in the actionellid-bearing calcarenites (see Description of Map Units) that h distinctly different f the basalti: desite. Th h d t tai PP
& P p L By e SHRGL ) SEIRITIN ST BN AT SARTES. EeE DINIVENT G200 Dot SoRam (5) Although Mattson (1973, p. 22) makes the disclaimer that because
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DESCRIPTION OF MAP UNITS

CORAL REEFS (HOLOCENE)—Living coral reefs, upper surfaces of which occur
at depths of 1 m or less below sea level

| INTERTIDAL DEPOSITS (HOLOCENE)—Organic calcareous mud, silt, and

evaporite units deposited between maximum and minimum tidal range

BEACH DEPOSITS (HOLOCENE)—Sand and minor gravel; consists of rounded
fragments of shell debris, volcanic rock, chert, and locally, quartz

MANGROVE SWAMPS (HOLOCENE)—Areas containing extensive growths of
mangroves. Underlain by fine sand and silt trapped by mangrove roots

ALLUVIUM (HOLOCENE AND PLEISTOCENE)-Clay, silt, sand, and gravel
in stream valleys: merges with colluvium along valley walls and at valley
heads; forms large fans which grade south to the Caribbean Sea; in the
northeast part of the area consists of sand and gravel fan deposits which
grade into silt and clay of the Lajas Valley north of the area

| QUARTZ SAND DEPOSITS (TERTIARY?)-Irregularly shaped and distributed

deposits chiefly consist of quartz grains and minor iron oxide and clay;
exposures are typically variegated in color and range from reddish-brown
to reddish-orange to dark-yellowish-orange; colored areas are commonly
streaked with pinkish-white to white bleached zones; quartz grains which
comprise 85-95 percent of the deposits are extremely angular to sliver-like
and moderately sorted; grain size ranges from 90-380 micrometers (um),
however, most grains approach an average of 180 um; grains are clear,
contain bubble trains, and exhibit undulatory extinction; elongate grains are
randomly oriented; grains are typically supported in a matrix of iron oxide
and clay. Limonite and manganese(?) nodules 1 mm to 3 ¢m in diameter
occur sparsely within most exposures and are typically concentrated on
topographic surfaces; most nodules enclose quartz grains; upper portions of
most exposures appear to be reworked and display vague to well-developed
stratification, which is defined by alternation of coarser or finer sand
laminae, locally by concentration and alignment of manganese and limonite
nodules, and rarely, by thin (1-3 c¢m) silt lenses

PONCE LIMESTONE AND JUANA DIAZ FORMATION, UNDIVIDED
(MIOCENE AND OLIGOCENE)—(1) Yellowish-white to yellowish-orange
poorly cemented, somewhat friable calcirudite and calcarenite containing
oyster shells, minor corals and internal molds of gastropods. Finer grained
material contains abundant examples of Marginopora sp. Commonly capped
by 1-3 m of caliche which contains abundant fragments of underlying
calcirudite and calcarenite. (2) Reddish-brown to reddish-orange. inter-
bedded sand and medium- to coarse-grained gravel poorly cemented with
calcite and hematite. Gravel 2.4 km west of Las Palmas consists of rounded
clasts of chert derived from the Sierra Bermeja. Gravel in the area northeast
of Corozo contains clasts of limestone, volcanic rock, and chert. Qutcrops
at (cape) Cabo Rojo locally overlain by 5-10 m of calcite-cemented, cross-
bedded sandstone possibly Holocene in age. Thickness of unit (Tpj) as much
as 700 m estimated from dip projection

typically not pronounced, although locally clinopyroxene is slightly altered
to epidote or chlorite; orthopyroxene occurs as blocky phenocrysts as much
as 2 mm in length which locally contain cores of clinopyroxene and inclusions
of magnetite; orthopyroxene is typically unaltered but locally altered to
chlorite; matrix consists chiefly of abundant plagioclase microlites and less
abundant magnetite grains in a reddish-brown devitrified glass; glass is
abundant near intrusive contacts; glass to microlite ratio generally decreases
away from intrusive contacts. Plagioclase microlites locally show trachytic
texture. Accessories are magnetite, rare apatite and, locally, sparse anhedral
grains of quartz (xenocrysts?)

BASALTIC ANDESITE (UPPER CRETACEOUS?)—Dark-gray to dark-grayish-
purple porphyritic basalt and andesite consisting chiefly of abundant pheno-
crysts of plagioclase (andesine-labradorite) and various combinations of
clinopyroxene, orthopyroxene, hornblende, oxyhornblende and rare olivine
in a fine-grained to aphanitic matrix. Plagioclase crystals are lath-shaped or
equant, and partially to completely sausseritized. Clinopyroxene occurs as
subhedral single twinned crystals, as mineral aggregates and as rim over-
growths on orthopyroxene. Orthopyroxene forms blocky or rectangular
phenocrysts. Hornblende and oxyhornblende crystals are euhedral to sub-
hedral with strongly resorbed hematitic borders. These rocks are generally
partially to strongly replaced by albite, epidote, chlorite, clacite, quartz and
locally zeolites. Replacement is so complete in some areas that only the out-
lines of former phenocrysts remain. Trachytic texture is pronounced locally,
but generally flow foliation is absent. In the northwest part of the Parguera
quadrangle, small irregular-shaped vesicles are filled with calcite and (or)
quartz

HYDROTHERMALLY ALTERED ROCK (CRETACEOUS?)—White, pale- to
dark-yellowish-orange, and moderate-reddish-orange altered rock. Original
constituents poorly preserved. Consists primarily of a structureless mass of
clay minerals which contain microcrystalline aggregates and veinlets of
quartz, aggregates of epidote and granules of hematite. One thin section
shows numerous well-oriented microlites(?) of plagioclase in a clay matrix
suggesting that the original rock was a basalt with trachytic texture

UNDIFFERENTIATED VOLCANIC ROCKS (CRETACEOUS?)—Bedded vol-
canic tuff and conglomerate of undetermined correlation exposed along
Highway 303

MELONES LIMESTONE (MAESTRICHTIAN AND CAMPANIAN)-—Consists of
a series of units, which are locally interbedded, but which can be roughly
separated from the top of the formation to the bottom as: (1) Reddish-
orange, yellowish-orange, massive, rarely thick-bedded, cherty calcarenite
containing zones of abundant actaeonellid gastropods; chert occurs as re-
placement of calcite but it is unclear if replacement is diagenetic or post-
diagenetic; (2) Massive phase (Kmm described below); (3) Light- to dark-
gray, thin-bedded, fossiliferous carbonaceous shaly limestone and limy shale;
bedding typically wavy with well developed bedding plane parting; exposures
commonly cut by numerous small calcite veins; contains numerous fossils
including larger Foraminifera, and the mollusks, Pseudocuculea sp. and
Lopha sp.; (4) Reddish-brown, olive-brown, or tan, medium- to coarse-
grained, thin- to medium-bedded, thinly laminated, locally crossbedded
tuffaceous sandstone consisting of subrounded to subangular plagioclase, and
volcanic rock fragments weakly cemented by hematite and (or) calcite;
crossbedding and laminae well-displayed by concentrations of magnetite;
contains common limy concretions as much as 20 cm in length, and rounded
fragments, as much as 25 cm in diameter, of worm-bored wood, now re-
placed by calcite; interbedded commonly with gray shaly limestone, dark-

clinopyroxene in a fine-grained matrix; interbeds range from less than 1 m
to 20 m in thickness

Parguera Limestone, lower member (Campanian to Santonian)—Basal part con-
sists of thick- to medium-bedded conglomerate containing sand- to cobble-
size, rounded to angular clasts of volcanic rocks and chert with minor
serpentinite and amphibolite; chert clasts in the Cerro Vertero as much as
1 m; conglomerate grades upwards to medium- to thin-bedded grayish-orange
to pale-yellowish-brown volcaniclastic calcarenite locally containing
glauconitic beds, thin beds of silicified mudstone, interbeds (to 10 m), of
calcareous mudstone and sparse lenses (to 20 m) of coarse-grained, light-gray
bioclastic limestone which consists of skeletal debris including fragments of
mollusks, solitary corals, and larger Foraminifera; calcarenite grades upwards
to dark-gray to dark-bluish-gray thin- to medium- bedded, laminated to non-
laminated calcilutite, which weathers grayish-orange to pale-yellowish-orange;
contains abundant planktonic Foraminifera and sparse Radiolaria in a
micritic cement; locally contains scattered glauconite grains; commonly
partially silicified; interbedded with calcarenite beds to 5 m in thickness
which increase in abundance near the top of the lower member. Bedding in
calcarenite, mudstone and calcilutite planar to wavy, generally with well-
developed bedding plane parting; beds locally graded; disharmonic folds with
amplitudes as much as 5 m, probably created by penecontemperaneous
slumping, are common and are well exposed along coast between Punta
Pagayo and Bahia Fosforescente. As much as 1000 m thick

MAGUAYO PORPHYRY (LOWER CRETACEOUS?)—Light greenish-gray to
dark-gray, grayish-pink porphyritic quartz diorite made up of sparse to
abundant phenocrysts of plagioclase (sodic andesine), hornblende, biotite,
and locally, quartz set in a fine-grained, granular matrix of plagioclase, quartz
and chloritized mafic minerals. Most plagioclase phenocrysts are blocky and
strongly zoned; quartz phenocrysts are rounded and commonly deeply
embayed; biotite occurs as euhedral crystals and as anhedral shreds; horn-
blende is commonly subhedral; accessories include apatite, zircon, magnetite,
and hematite; plagioclase is typically altered to sericite, biotite to a mixture
of chlorite and epidote, and hornblende to carbonate; carbonate occurs
additionally as anhedral grains in the matrix. Mineral orientation is generally
random, although locally the matrix exhibits poorly developed trachytic
texture

MARIQUITA CHERT (LOWER CRETACEOUS AND UPPER JURASSIC)—
Yellowish-red, brownish-red, grayish green, black or white, fine- to medium-
grained bedded chert and silicified limestone (KJml). Chert typically con-
sists of an interlocking mosaic of microcrystalline quartz which in many
areas has been partially to completely recrystallized and generally is fractured
or brecciated; quartz and (or) calcite and limonite-hematite commonly fill
fractures and voids between breccia fragments. Radiolaria and locally
Foraminifera are abundant constituents. Locally Radiolaria are com-
pletely recrystallized and may be selectively stained by iron oxide. Bedding
is 2-30 cm thick but is commonly obscured or indistinct because of intense
brecciation; characteristically lenticular; the lenses range from 1-4 m in
length and are separated by clay partings. Local beds are deformed by small-
scale slump-folding. Thickness unknown; may be as much as 800 m

Mariquita Chert, Limestone lenses—Grayish-red to grayish yellow limestone lenses
in Mariquita Chert; occur in beds 5-15 m thick; consist of recrystallized
calcite which has been strongly replaced and veined by silica

CAJUL BASALT (LOWER CRETACEOUS? AND UPPER JURASSIC?)—Black-
ish-red-purple porphyritic amygdular basalt; chiefly composed of plagioclase
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weakly foliated amphibolite without compositional layering. Gneissic
variety consists of plagioclase (andesine), green hornblende and quartz.
Quartz and plagioclase occur in layers which alternate irregularly with
hornblende-plagioclase layers; quartz is accessory in hornblende-plagioclase
layers. Texture is generally granoblastic; plagioclase moderately sericitized
or completely saussuritized. Hornblende occurs as individual crystals which
are rarely poikiloblastic and commonly only slightly altered. Non-foliated or
weakly foliated varieties chiefly consist of plagioclase (andesine) and light-
green to light-brown hornblende; plagioclase commonly altered to sericite
and locally clouded with minute inclusions of magnetite; hornblende occurs
as mineral aggregates and as separate elongate crystals, locally poikiloblastic
and commonly unaltered; quartz is a common accessory. Other accessories
in both amphibolite-types include sphene, magnetite, ilmenite(?), apatite,
zircon, epidote, chlorite and rarely actinolite. Locally the rock is cut by
abundant veinlets of zoisite. Veinlets of epidote, chlorite and quartz are
also locally present but are less common

SERPENTINITE AND AMPHIBOLITE, UNDIVIDED (LOWER CRETACEOUS
AND UPPER JURASSIC)—Areas underlain by both serpentinite and
amphibolite, individual bodies of which are too small to resolve at map scale.
Consist of blocks of amphibolite in an abundant serpentinite matrix and
probably represent areas of tectonic mixing of the two rock types

GEOLOGIC SYMBOLS

Contact—Dashed where approximately located ; dotted where concealed. Quater-
nary nonconsolidated units are shown by a solid line by convention; place-
ment ranges from assured to inferred

Fault—Dashed where approximately located; dotted where concealed; queried
where existance uncertain. Arrows show relative strike-slip movement. T,
movement toward observer; A, movement away from observer; D, down-
thrown side; U, upthrown side

—4—*— Axis of syncline—Showing direction of plunge

Strike and dip of beds—Inclined symbol without number indicates amount of
dip not known; ball indicates top of beds known from sedimentary structures

Inclined
Vertical
Horizontal
Strike and dip of shears
Inclined
Vertical
Strike and dip of foliation
Prospect pit
Zone of interbedding of Mariquita Chert and Cajul Basalt

generally poorly exposed, but field relations strongly suggest that at least some
of the occurrences represent protrusions (after Lockwood, 1971, p. 919-920) of
serpentinite into or against these rocks. In one such occurrence, at Las Palmas,
amphibolite reportedly shows the effects of low-grade contact metamorphism
(albite-epidote hornfels facies) and calcium metasomatism near contacts with
serpentinite (Tobisch, 1968, P 565). The serpentinite is considered to have
been emplaced as a hot (300°-600°C) solid body, the mobility of which was
aided by gliding along internal shear surfaces (Tobisch, 1968, p. 569). Serpen-
tinite appears to be protrusive into amphibolite along the southern flank of the
Sierra Bermeja immediately to the east of Rancho Cabasso where small borrow
pits just north of Highway 303 expose a melange of amphibolite clasts held in a
highly sheared serpentinite matrix. Additionally, immediately east of Punta
Melones, large blocks of amphibolite, as much as 500 m in length, are sur-
rounded by serpentinite. In the Sierra Bermeja, serpentinite is enclosed within
the Mariquita Chert immediately east of the Cabo Rojo-Lajas ‘“‘municipio” line
and also in a lenticular body west of Arroyo Cajul. This lenticular body is part
of the same serpentinite occurrence which produced low-grade metamorphic
effects in the amphibolite at Las Palmas (Tobisch, 1968). Other outcrops are
in the form of small pods 10-50 m in length. The shape and distribution of these
serpentinite occurrences are best explained by protrusion of serpentinite into
the country rocks. Good outcrops of serpentinite are scarce, but those that can
be observed show high-angle to vertical shear foliation which is generally parallel
to serpentinite-country rocks contacts. The development of shear foliation
typically decreases in intensity into serpentinite bodies and away from contacts,
indicating that the foliation developed during protrusion of the serpentinite.

The serpentinite cannot be dated closely. In the Cabo Rojo-Parguera area,
it appears to be protrusive into rocks which may be as young as Aptian
(Mariquita Chert). However, in the San Germin quadrangle, the serpentinite
protrudes the Sabana Grande Formation, which may be as young as early
Maestrichtian and the chert at San German which has been dated as middle
Turonian (Volckmann, 1984 a).

At Media Quijada, in the Punta Verraco quadrangle (Krushensky and Monroe,
1979), chert which is correlated with the Mariquita Chert, unconformably over-
lies serpentinite and is interbedded, at its base, with conglomerate containing
serpentinite pebbles. No date has been obtained for the Mariquita Chert at
Media Quijada; however, if it is the same age as the Mariquita Chert in the
Sierra Bermeja then the serpentinite is pre-Tithonian to Aptian (see following
discussion of Mariquita Chert). If the Mariquita Chert at Media Quijada is the
same age as the Mariquita at the town of San German then the serpentinite is
pre-middle Turonian. Detrital serpentinite on Highway 2 in the San German
quadrangle (Volckmann, 1984a) is overlain by calcareous mudstone which has
been dated as Cenomanian (E. A. Pessagno, written commun., 1967). Thus the
specific serpentinite from which this detrital serpentinite was derived is
Cenomanian or older.

The inconsistency of ages of serpentinite from one locality to another lends
support to the suggestion that the serpentinite may have been emplaced at
various times and that a minimum serpentinite age may be valid only for a given
locality. Additionally, age of serpentinite emplacement does not represent age
of development of serpentinite from its parent ultramafic rock, an event (or
events) that probably occurred much earlier, at least before deposition of the
Mariquita Chert at Media Quijada.

AMPHIBOLITE
The most extensive exposures of amphibolite are on the south flank of the
Sierra Bermeja in the central part of the Cabo Rojo-Parguera area. Amphibolite

of “an older metamorphic terrane from a pre-Late Cretaceous orogeny.” Because
of the compositional similarity of the amphibolite to that of a tholeiitic basalt, it
seems reasonable that Mattson (1960) and Tobisch (1968) are both right and
that the “older metamorphic terrane” of Tobisch (1968) was derived from
metamorphism of basaltic oceanic crust.

Mattson (1964) reported a K-Ar age on gneissic amphibolite from the Las
Palmas area of 110 m.y. (Cretaceous, Aptian). Another sample taken from the
same general area yielded a date of about 85 m.y. (Cretaceous, Coniacian;
Tobisch, 1968, p. 569). Amphibolite from the Sierra Bermeja in the San
German quadrangle to the north (18°00°15” N., 67°15°18" W.) was dated at
126*3 m.y. (Cretaceous, Valanginian; Cox and others, 1977, p. 694). Although
proof is inconclusive, the amphibolites appear to be compositionally similar and
may be genetically and temporally related. If so, the age discrepancies may be
related to local differences in thermal history.

CAJUL BASALT ‘

The Cajul Basalt is, at least in part, interbedded with the Mariquita Chert
(Volckmann, 1984b). This relationship is best observed along the east-west
segment of Arroyo Cajul in the Sierra Bermeja, where the interbedding is on a
scale of several meters. South of the Sierra Bermeja the chert and basalt are
interbedded on a scale of 100 m or more. The Cajul Basalt has not been ob-
served east or west of the Sierra Bermeja.

MARIQUITA CHERT

The Mariquita Chert was mapped as part of the Bermeja complex of Mattson
(1960) and named by him for exposures on Cerro Mariquita in the San German
quadrangle (Mattson, 1973). The chert forms the bulk of the Sierra Bermeja
and is also exposed at Punta Melones in the low lying hills south of the Sierra
Bermeja and at Cerro Vertero. An exposure of chert, tentatively correlated with
the Mariquita, crops out on the north side of Isla Cueva about 4 km southwest
of the village of Parguera.

Stratigraphic relationships of the Mariquita Chert-Cajul Basalt sequence with
other rock types are poorly known. The base of the chert has been observed
only at Media Quijada in the Punta Verraco quadrangle (Krushensky and
Monroe, 1979) where it overlies serpentinite; however, at that locality the age of
the chert is not certain. In the Cabo Rojo-Parguera area, the chert-basalt
sequence was probably deposited on a post-metamorphic amphibolite (and
serpentinite?) surface because basalt interbedded with the chert has not been
metamorphosed.

The upper eroded surface of the Mariquita Chert, in Cerro Vertero, is over-
lain by the lower member of the Parguera Limestone and, south of the Sierra
Bermeja, is overlain by the Ponce-Juana Diaz Formations undivided. The
Mariquita Chert in the Sierra Bermeja has been dated on the basis of Radiolaria
as Tithonian to Hauterivian (Late Jurassic to Early Cretaceous) in one locality
(Mattson and Pessagno, 1974) and Valanginian to Aptian (Early Cretaceous)
in another (Mattson and Pessagno, 1979). These are maximum age ranges;
the actual age range of the chert may be less. The paleontological age of the
Mariquita Chert is greater, for the most part, than the radiometric ages
determined for the amphibolite as described above. However, neither the chert
nor the interbedded Cajul Basalt shows evidence of having been metamorphosed.
These factors lend support to the suggestion that the radiometric ages for the
amphibolite have been influenced by subsequent thermal events and are thus
unreliable.

UPPER CRETACEOUS ROCKS
PARGUERA LIMESTONE
The Parguera Limestone was mapped by Mattson (1960) and studied in

Cerro Vertero because of post-depositional faulting of the sequence. In the
hills just north and northwest of the Cerro Vertero, the lower member of the
Parguera Limestone is in contact with basaltic andesite. The contact is irregular
and in most places crosscuts bedding attitudes of the limestone. Therefore,
the basaltic andesite probably is intrusive into the Parguera Limestone and is not
depositionally overlain by the limestone as suggested by Mattson (1960) and
Almy (1965) (see discussion of basaltic andesite below). Similarly, two small
outcrops of limestone north of Salinas El Papayo and exposures of limestone
west of Highway 304 appear to be intruded by the andesite. The largest con-
tinuous body of the lower member occurs along the coast, east and west of the
town of Parguera. Two isolated exposures of the lower member occur southwest
of Las Palmas. The easternmost of these is apparently unconformable over the
Mariquita Chert and serpentinite. In the western exposure, the lower member
occupies a small syncline and is intruded by basaltic andesite, and the limestone
is faulted against the Mariquita Chert along the northeast side of the exposure.

Thin-bedded laminated volcaniclastic calcilutite and calcarenite underlie
the central part of the Pefiones de Melones. These rocks have been correlated by
Mattson (1960) and Almy (1965) with the Parguera Limestone. Almy(1965)
considered the sequence in the Pefiones de Melones to represent his Bahia
Fosforescente and Punta Papayo Members—the lower member of this report.
The author tentatively agrees, although contacts shown by Almy (1965, pl. 1)
between his Bahia Fosforescente and Punta Papayo Members and between
subsidiary units within the members are not apparent in the field. The lower
member, on the coast south of Punta Melones, is in near vertical contact with a
zone of silicified rock which Mattson (1960, p. 335) described as a pre-
depositional soil zone and Almy (1965, p. 21) suggested may be a basal con-
glomerate. This soil zone, which is well exposed on the coast, can be traced
inland into chert identical to the Mariquita Chert. The soil zone is oriented
parallel to nearly vertical zones of shearing in serpentinite with which it is in
contact, and it is here suggested that the soil zone represents part of a fault
zone which displaces Mariquita Chert against the lower member of the Parguera
Limestone. Eastward, in the Pefiones de Melones, the lower member is faulted
against serpentinite on the northwest and the Melones Limestone on the south-
east.

The upper member of the Parguera Limestone overlies the lower member in
the east-central part of the map area within a synclinal structure defined by the
lower member. It is not clear if the upper member is conformable or un-
conformable over the lower. The upper member contains, at its base, a con-
glomeratic zone which consists primarily of volcaniclastic debris cemented with
calcite. The conglomeratic zone, however, contains no recognizable clasts from
the lower member and so an unconformity is questionable. Almy (1965, p. 153)
thought that an erosional contact between the upper and lower members was
suggested by variations in thickness of the lower member. However, these
thickness variations might also be explained by local faulting.

The Parguera Limestone has been dated primarily on the basis of microfossils,
mostly Foraminifera (Almy, 1965, p. 93). Dates obtained by E. A. Pessagno in
Almy (1965, p. 131) indicate Almy’s Bahia Fosforescente Member has an age
range of late Santonian to early Campanian and his Punta Papayo Member ranges
from early Campanian to late Campanian and possibly early Maestrichtian
(Almy, 1965, p. 150). Thus, the lower member of this report, which consists
of the combined Bahia Fosforescente and Punta Papayo of Almy (1965), has a
possible age range of late Santonian to late Campanian, or possibly early
Maestrichtian.

The upper member (the Isla Magueyes Member of Almy, 1965) of the
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included within the Melones Limestone.

The Melones Limestone apparently overlies the Parguera Limestone, but
direct field evidence to prove this relationship is lacking. Fossils have not been
found in the tuffaceous sandstone facies of the Melones Limestone, but
Pseudocuculea sp. in the carbonaceous shaly limestone facies and Barrettia gigas
in the massive bioclastic limestone facies at the north edge of the quadrangle
both attest to an age close to that of the Campanian-Maestrichtian boundary
(Mattson, 1960, p. 336; N. F. Sohl, written commun., 1974). The association of
Titanosarcolites sp. and Parastroma guitarti collected from the massive bioclastic
facies on the top of the ridge 1.8 km northeast of Corozo indicates that Melones
deposition continued into middle Maestrichtian time (N. F. Sohl, written
commun., 1978). Thus the age of the Melones Limestone ranges from at least
late Campanian to middle Maestrichtian.

TERTIARY(?) ROCKS
QUARTZ SAND DEPOSITS

Deposits of nearly pure quartz sand occur south of the Pefiones de Melones
in the western third of the map area. The thickness of these deposits is not
known, as no base has been observed in any of the deposits, and the nature of
the contact between the quartz sand and the adjacent Tertiary sediments is
poorly defined. The upper 1-2 m of the quartz sand deposits are crudely stratified
and show evidence of aeolian reworking. The origin of the quartz sand is not
known. Silica derived from the Mariquita Chert is invariably microcrystalline
unlike that of the quartz sand. No intrusive bodies large enough, are near
enough, or contain sufficient quartz to have been sources, and the volcanic
rocks in the vicinity are essentially quartz free.

Occurrences of quartz sand in the Puerto Real quadrangle to the north are
suggested to have resulted from the in situ weathering of quartz-rich intrusive
rocks (Volckmann, 1984b). The deposits in the Cabo Rojo-Parguera area may
have the same history as those in the Puerto Real quadrangle. The areal distri-
bution of the sand in the Cabo Rojo area may be the result of aeolian reworking
from intrusive sites which merge near the surface with the reworked sand.

INTRUSIVE ROCKS
MAGUAYO PORPHYRY

The Maguayo Porphyry is a quartz-bearing hypabyssal intrusive rock which
invades bedded rocks in the Sierra Bermeja and occurs in isolated bodies south
and east of the Sierra. Along the north flank of the Sierra Bermeja, in the San
German quadrangle, thin dikes and stringers of the intrusive rock extend into
fractures in the Mariquita Chert (Volckmann, 1984a). The mininum age of the
porphyry is not clearly established. As it intrudes the Mariquita Chert, which
in the Sierra Bermeja is Tithonian to Aptian in age, the Maguayo Porphyry is
Early Cretaceous or younger.

BASALTIC ANDESITE

Intrusive basaltic andesite crops out north of the northern limb of the
Parguera syncline. Mattson (1960, p. 327-328) considered this basaltic andesite
to be extrusive and correlated it with rocks of the Rio Loco Formation of
Slodowski (1956, p. 53). Slodowski and Mattson described the Rio Loco
Formation as a series of andesite lavas and minor volcaniclastic rocks, the lavas
of which locally contain pillow structures. It has been shown, however, that in
the Yauco (Krushensky and Monroe, 1979), the San German (Volckmann,
1984b), and the Sabana Grande (J. M. Aaron, written commun., 1977) quad-
rangles the “‘lavas” of Slodowski’s Rio Loco Formation are intrusive and that the
“pillow structures” have resulted from spheroidal weathering of the intrusive
rocks. Krushensky and Monroe (1979) have suggested that the name Rio Loco

hornblende or oxyhornblende, typically has a glassy matrix, and has not under-
gone the propylitic alteration, which is pervasive in the basaltic andesite. Con-
tact effects in the intruded sediments are not evident, although local silicification
of the upper member of the Parguera Limestone may have resulted from in-
trusion of the two-pyroxene basalt porphyry.

The two-pyroxene basalt porphyry is apparently younger than the basaltic
andesite; it has not experienced the propylitic alteration undergone by the
basaltic andesite. The youngest dated rock intruded by the porphyry is the
upper member of the Parguera Limestone; therefore, the porphyry is Campanian
to Maestrichtian or younger.

DACITE

The Parguera Limestone and the two-pyroxene basalt porphyry are intruded
by a lens-shaped body of dacite, located approximately 2.5 km west of the town
of Parguera. The occurfrence is unique in that this dacite has not been observed
elsewhere in the Cabo-Rojo quadrangle or in the quadrangles to the north. Con-
tact effects are minimal, the only apparent effect having been slight silicification
of the small body of limestone engulfed by the dacite. The dacite intrudes the
upper member of the Parguera Limestone and is therefore Campanian to
Maestrichtian or younger.

STRUCTURE

The major structural features of the Cabo Rojo-Parguera area are high-
angle faults and three synclinal folds involving the Parguera Limestone.

The Sierra Bermeja in about the center of the mapped area is cut by a series
of east- to northeast-trending faults which displace the Mariquita Chert, amphib-
olite and serpentinite. Some of the faults that involve serpentinite may be
protrusive contacts as well, but the distinction between protrusion and faulting
in this area is unclear because contacts are not well exposed, protrusive contacts
may be the loci of later faulting, or faults may be sites of protrusion. The
western end of the Sierra Bermeja is truncated by a major high-angle northeast-
trending fault which is marked, near the north border of the mapped area,
by a zone of intense shearing approximately 60 m wide. The northwest side of
the fault has been downdropped relative to the southeast side, as Tertiary rocks
dip toward and appear to have been displaced against the Mariguita Chert.

A steep fault, in the northeastern part of the map area, named the Montalva
fault by Mattson (1960, pl. 1), displaces a block of Mariquita Chert on the south
against Parguera Limestone on the north. The southern block has been com-
plexly deformed by a series of faults along which the Parguera Limestone, which
overlies the Mariquita Chert, has been downdropped against the chert.

Three distinct synclinal folds are present in the Cabo Rojo-Parguera area, all
of which involve the Parguera Limestone. The western-most syncline, about 2
km southwest of Palmas plunges to the west. A syncline in the hills north of
Cerro Vetero appears to have no discernable plunge and has been slightly dis-
placed by a high-angle northeast-trending fault. The Parguera syncline is a broad
structure which plunges to the southeast into the Caribbean Sea. The axis of
this syncline is sinuous and is only approximately located; however, the topo-
graphy developed on the limbs of the fold makes the structure apparent. In the
Peiiones de Melones, a syncline mapped as overturned to the south by Mattson
(1960, pl. 1) has been shown, from tops obtained from crossbeds in the sand-
stone facies of the Melones Limestone, to be a faulted, northward-dipping
sequence which is right side up.

The Sierra Bermeja is considered by Mattson (1973) to be a nappe derived
by gravity gliding from an ancient oceanic ridge to the south. However, data
obtained for the present study do not support such a theory. Mattson’s

amphibolite ‘xenoliths’, which are rafted in serpentinite, weather less rapidly

than serpentinite and thus give the impression of a greater percentage of am-

phibolite. In fact, large areas mapped as serpentinite (Mattson, 1973, fig. 2)

are actually amphibolite. Furthermore, some areas mapped by Mattson as

serpentinite (1973, fig. 2) are actually Mariquita Chert or Maguayo Porphyry.

Thus the total area of serpentinite exposed at the surface is much less than that

depicted by Mattson.

(6) Bedding plane attitudes within the Mariquita Chert are generally steep,

not subhorizontal or at least gently dipping as would be expected within a

gravity glide block sliding on a planar surface.
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